Kupffer cells are liver-specific resident macrophages and play an important role in the physiological and pathological functions of the liver [1] [2] [3] . Although the isolation methods of liver macrophages have been well-described [4] [5] [6] , most of these methods require sophisticated equipment, such as a centrifugal elutriator and technical skills. Here, we provide a novel method to obtain liver macrophages in sufficient number and purity from mixed primary cultures of adult rat liver cells, as schematically illustrated in Figure 1 .
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After dissociation of the liver cells by two-step perfusion method 7, 8 ,a fraction mostly composed of parenchymal hepatocytes is prepared and seeded into T75 tissue culture flasks with culture medium composed of DMEM and 10% FCS.Parenchymal hepatocytes lose the epithelial cell morphology within a few days in culture, degenerate or transform into fibroblast-like cells ( Figure 2 ). As the culture proceeds, around day 6, phase contrast-bright, round macrophage-like cells start to proliferate on the fibroblastic cell sheet (Figure 2 ). The growth of the macrophage-like cells continue and reach to maximum levels around day 12, covering the cell sheet on the flask surface. By shaking of the culture flasks, macrophages are readily suspended into the culture medium. Subsequent transfer and short incubation in plastic dishes result in selective adhesion of macrophages (Figure 3 ), where as other contaminating cells remain suspended. After several rinses with PBS, attached macrophages are harvested. More than 10 6 cells can be harvested repeatedly from the same T75 tissue culture flask at two to three day intervals for more than two weeks( Figure 3 ).The purities of the isolated macrophages were 95 to 99%, as evaluated by flow cytometry or immunocytochemistry with rat macrophage-specific antibodies ( Figure 4 ).The isolated cells show active phagocytosis of polystylene beads ( Figure 5 ), proliferative response to recombinant GM-CSF, secretion of inflammatory/anti-inflammatory cytokines upon stimulation with LPS, and formation of multinucleated giant cells 9 .
In conclusion, we provide a simple and efficient method to obtain liver macrophages in sufficient number and purity without complex equipment and skills.This method might be applicable to other mammalian species.
Video Link
The video component of this article can be found at http://www.jove.com/video/2757/ Protocol 1. Perfusion of the Liver 1. Anesthetize an adult male Sprague-Dawley rat (at 10 to 15 weeks-old; body weight 150-200 g) by an intraperitoneal injection of a sodium pentobarbital solution (50 mg sodium pentobarbital / kg body weight). 2. Place the animal in a stainless pan and spray 70% ethanol onto its abdomen and thorax. 3. Make a small cut and peel off the skin. Open the abdomen by the cut with a pair of scissors. 4. Confirm the location of portal vein, pass a surgical thread under the portal vein and loosely clump. 5. Clump the distal part of the inferior vena cava and mesenteric vein to prevent blood reflux into the liver. Open the thoracic cavity by cutting the diaphragm with scissors, and expose the heart. 6. Insert a plastic catheter (2 mm diameter) into the portal vein and tighten the thread firmly around the catheter. 7. Connect the catheter to a perfusion system which is loaded with washing solution (Ca 2+ -Mg 2+ free HBSS containing 0.5 mM EGTA, 10 mM HEPES and 4.2 mM NaHCO 3 ; pH 7.2) prewarmed at 37 °C. 8. Begin perfusion in situ at a rate of 10 ml/min. At the same time, make a cut in right atrium wall. Continue perfusion for 10 min. 9. Switch the perfusion solution to collagenase solution [HBSS containing 10mM HEPES and 4.2mM NaHCO 3 supplemented with Type I collagenase (0.05%) and trypsin inhibitor (50 μg/ml); pH 7.5], and perfuse for 10 -20 min at a rate of 10 ml/min until the liver slightly swells and shows the sign for disintegration of the liver structure under serous membrane.
Discussion
Here, we report a simple and efficient method to obtain macrophages from the mixed primary cultures of adult rat liver cells. Our method relies first on the novel proliferative activity of macrophages in the mixed culture of rat liver cells, and then subsequent isolation and purification of these cells on the basis of their biological characteristics as macrophages 9 . It may be possible the macrophages proliferated in the mixed primary culture of adult liver cells might have originated from Kupffer or related cells that contaminated into the parenchymal hepatocytes fraction. The macrophages might have responded to specific environmental changes caused by transformation of parenchymal hepatocyte 10 and other fibroblastic cells in the mixed primary cultures.
In conclusion, our method provides isolation of macrophage-like cells in sufficient number and purity from the primary culture of rat liver cellswithout using sophisticated equipment and technical skills. In addition, the isolation procedure can be repeated with the same culture flask for more than two weeks. This method might be applicable to other mammalian species.
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